Abstract A new 300 MVA/1350 MJ motor generator (MG) will be built to feed all of the poloidal field power supplies (PFPS) and auxiliary heating power supplies of the HL-2M tokamak. The MG has a vertical-shaft salient pole 6-phase synchronous generator and a coaxial 8500 kW induction motor. The Ohmic heating power supply (OHPS) consisting of 4-quadrant DC pulsed convertor is the one with the highest parameters among the PFPS. Therefore, the match between the generator and the OHPS is very important. The matching study with Matlab/Simulink is described in this paper. The simulation results show that the subtransient reactance of the generator is closely related to the inversion operation of the OHPS. By setting various subtransient reactance in the simulation generator model and considering the cost reduction, the optimized parameters are obtained as x d = 0.405 p.u. at 100 Hz for the generator. The models built in the simulation can be used as an important tool for studying the dynamic characteristics and the control strategy of other HL-2M PFPSes.
Introduction
According to the HL-2M plan, a new 300 MVA/1350 MJ six-phase vertical type motor generator (MG) set will be built to feed all of the poloidal field power supplies (PFPS) and the auxiliary heating power supplies of HL-2M in the Southwestern Institute of Physics (SWIP) [1] . Among the PFPS, the parameters of Ohmic heating power supply (OHPS) are rather higher than those of the others. The OHPS consists of four 4-quadrant thyristor converters [2, 3] . Since the value of the subtransient reactance of the generator is crucial for the OHPS to work reliably when its positive convertors change suddenly and heavily from their operation status at full current from rectifier mode to inverter mode, it should be carefully studied and selected. Due to the complex electromagnetic transient process of the 6-phase generator and the special operation mode of the OHPS, a simple analysis method cannot achieve satisfactory dynamic analysis for the above system [4∼6] . Using a Matlab/Simulink software platform, the simulation models for the generator, the OHPS and their control system are built, and dynamic characteristics of the system are simulated.
Main parameters of MG and OHPS

New motor generator
The vertical shaft type is selected for the new MG to achieve enough shaft stability. It has a vertical-shaft salient pole 6-phase synchronous generator and a coaxial 8500 kW induction motor. For operational flexibility of the HL-2M power supply systems, some parameters of the 300 MVA MG are designed to be compatible with the existing 125 MVA MG, such as a double Y connection, the rated output voltage and frequency. The basic performance parameters of the generator are described in the Table 1 . 
Ohmic heating power supply
The OHPS consists of four rectifier transformers and four 4-quadrant 12-pulse thyristor convertor. Under suitable controls, the OH coils are pre-magnetized from zero current to a high limit value in one direction by the OHPS positive convertor in rectifier mode, and then after a short flat-top the OH coils current is forced to descend rapidly to induce and raise the plasma current by sudden turning from positive convertor to inverter mode. Once the coils current drops to zero, a reverse current in the coils is driven up by the OHPS negative convertor in rectifier mode, meanwhile the plasma current is increased continuously and then maintained at a flat-top. Finally, as the OHPS negative converters are inversed at the plasma current flat-top end, the OH current decays to zero, and so the plasma current descends and then quenches. The required maximum waveform of the OH current is shown in Fig. 1 . The OH current waveform shows that the OH current increases from zero to the preset value in 3 s, this value remains constant for a very short time, and then decreases from 220 kA to zero in 1.5 s. It is desired that the positive thyristor convertor of the OHPS supplied by the MG will be able to turn its work model from rectification to inversion rapidly and successfully at 220 kA with a firing angle above 120
• . Fig.1 The control waveform of the OH current (color online)
3 Modeling for 300 MVA MG and OHPS
Modeling for MG
For the pulse discharge process of the MG, the 300 MVA/1350 MJ MG can be simplified to a sixphase synchronous generator without taking mechanical power and mechanical loss into account. There is no 6-phase generator model in Matlab/Simulink, but a 6-phase generator can be modeled equivalently by a three-phase synchronous generator model connecting two ideal three-phase transformer models, one ∆/y and the other Y/y connected, as shown in Fig. 2 [7∼9] . The 6-phase MG model has been tested and verified by modeling for the 80 MVA MG feeding the TFPS in HL-2A [8] . Fig.2 6-phase MG model (color online)
Simplified OHPS model
Because OHPS failure is most likely to occur when its positive converters are turned to inverter from rectifier at the current flat-top of 220 kA, the simulation study is focused on the positive convertor work process, and so the 4-quadrant OHPS is simplified to a model without negative converters in the simulation, as shown in Fig. 3 . The model includes four rectifier transformers (∆/y, y or d, d, 3000 V/500 V, 45 MVA), four 12-pulse positive converters, an ac line, paralleling reactors (5 µH), OH coil (1.9 mH, 1.9 mΩ) and a control system.
At last, the model of 300 MVA MG with an OHPS circuit is built, as shown in Fig. 4 .
Simulation
By changing the electromagnetic parameters of the generator, the OHPS and the AC line models repeatedly, and a large number of discharge processes of the positive converter and the MG are simulated. The simulation results show that the subtransient reactance x d is a key parameter for the generator. Lower x d will benefit the commutation of thyristors in AC/DC converters, but bring a negative effect to the protection of the generator when a short circuit fault occurs. The x d value is chosen by a compromise between the condition for MG to meet the desired requirements of the OHPS and the cost reduction. And then the optimized electromagnetic parameters of the MG are obtained and given in Table 2 . The simulation waveforms with optimized parameters of the MG and OHPS are shown in Fig. 5 . These waveforms include the output voltage and rotation speed of the MG, and the DC voltage and DC current of the OHPS. The DC current waveform shows that it increases from zero to the preset value of 220 kA in 2 s and the positive converters inverse makes the current suddenly decrease from 220 kA to zero in 0.8 s. In the process the output voltage of the MG is almost steady and the DC voltage of the OHPS inverses abruptly and successfully. The maximum firing angle is 123
• during the inverse operation. The simulation waveforms show that the MG with optimized electromagnetic parameters can adequately meet the desired requirements for the OHPS.
Conclusion
By comparing the simulation results, the crucial value of x d of the generator has been optimized and selected to be 0.405 p.u. at 100 Hz with consideration of the cost reduction and the desired requirements of the OHPS the MG should meet. The models built in the simulation can be used as a tool to study the dynamic characteristics and the control strategy of other HL-2M OHPS. At present, the detailed engineering design of the 300 MVA MG is based on the preliminary design.
